A chemically defined medium (CC-494M) was used to study the vitamin requirements of three spiroplasmas representing three distinct serogroups: flower spiroplasmas [Spiroplasmafloricola and FS (SR-3)] and honeybee spiroplasma ]. Nicotinic acid and riboflavin were essential to spiroplasma growth. Nicotinamide could substitute for nicotinic acid. Populations of S. floricola, , and HBS (AS-576) reached 3.2 x 109, 1.96 x 1010, and 6.1 x 109 CFU/ml, respectively, when nicotinic acid (0.036 mg/liter) and riboflavin (0.014 mg/liter) were supplied.
(AS-576). Lee and Davis (6) formulated defined medium LD82, which contained 12 of the above-mentioned vitamins (ascorbic acid was excluded) with the addition of pyridoxal phosphate, riboflavin 5-phosphate, and thiamine pyrophosphate for the cultivation of several spiroplasmas including Spiroplasma citri. Vitamins and cofactors are apparently required for the growth of spiroplasmas. However, the essential vitamins and their roles in spiroplasma metabolism have not been determined. I report herein the precise vitamin requirements of two flower spiroplasmas and honeybee spiroplasma cultured in a chemically defined medium.
S. floricola (ATCC 29989) (5), FS (SR-3) (ATCC 33095), and HBS (AS-576) (ATCC 29416) were used throughout this study. They were maintained in CC-494M medium at 31 ± 1°C and subcultured every 3 days.
Medium CC-494M is modified from CC-494 (1) and the composition is shown in Table 1 . The concentrations of the stock solutions and medium preparation were the same as previously described (1, 2) . Components of CC-494 medium, including NADP, FAD, glutathione (reduced form), thiamine pyrophosphate, coenzyme A, sodium acetate, and sodium glucuronate that were found to be nonessential to spiroplasma growth, were eliminated so that precise vitamin requirements could be investigated.
Cell growth and yields were determined by the enumeration of color changing units and CFU as described by Rodwell and Whitcomb (8) . Determinations of CFU were made at day 0 and 3 days after inoculation. The C-3G broth and solid medium (7) were used for measuring color changing units and CFU because they are easy to prepare in large quantities. At Among the 13 vitamins and growth factors, the Vitamin B group was first found to support the growth of the three spiroplasmas. This test also showed that ascorbic acid, biotin, choline chloride, and myo-inositol were nonessential. Further deletions of vitamins indicated that either the combination containing calcium pantothenate, folic acid, nicotinic acid, pybidoxine hydrochloride, riboflavin, and thiamine hydrochloride or the combination containing nicotinamide, p-aminobenzoic acid, pyridoxine hydrochloride, pyridoxal hydrochloride, riboflavin, and thiamine hydrochloride was able to support growth of the spiroplasmas. The number of potential vitamins and cofactors that were responsible for spiroplasma growth was reduced from 13 to 6. These six vitamins were then grouped into seven combinations. The combination containing nicotinic acid, pyridoxine hydrochloride, riboflavin, and thiamine hydrochloride was positive in supporting spiroplasma growth, whereas the combination containing only pyridoxine hydrochloride and thiamine hydrochloride was negative. This indicated that nicotinic acid and riboflavin were necessary for the growth of spiroplasma, whereas calcium pantothenate and folic acid were nonessential. One more deletion study indicated the pyridoxine hydrochloride and thiamine hydrochloride were also nonessential. Nicotinamide could replace nicotinic acid for spiroplasma growth. Therefore, the three spiroplasma strains showed no difference in their vitamin requirements. Either nicotinic acid (or nicotinamide) or riboflavin was considered to be essential for their growth.
During the course of the vitamin requirement investigations, one phenomenon was consistently observed. The yield was lower and the color change of the culture medium due to acid production was slight when the medium was VOL. 160, 1984 
